Nitrate inhibited nitrogenase synthesis and heterocyst development in the cyanobacterium Anabaena sp. strain PCC 7120. Inhibition of dinitrogen fixation by nitrate did not take place, however, in nitrate reductase-deficient derivatives of this strain. Hybridization of total RNA isolated from cells grown on different nitrogen sources with an internal fragment of the nifD gene showed that regulation of nitrogenase activity by nitrate is exerted through a negative control of the nitrogenase mRNA levels. (3, 18) . As has been shown for the nitrogenase structural genes (nifIDK) and for some other genes related to dinitrogen fixation, repression by ammonium operates through regulation of the mRNA content (1, 2, 9, 15, 19) . Inhibition of heterocyst development and of nitrogenase synthesis by nitrate has also been described, but different degrees of inhibition have been reported for different strains (3, 9, 14, 16, 17) 
Cyanobacteria are phototrophic eubacteria that carry out oxygenic (plant-type) photosynthesis. Many filamentous cyanobacteria, such as those of the genus Anabaena, are able to fix dinitrogen in specialized cells called heterocysts that develop at semi-regular intervals along the filament. Heterocysts provide a microaerobic environment adequate for the expression and function of nitrogenase, the enzyme complex responsible for dinitrogen fixation. Both the differentiation of a vegetative cell into a heterocyst and the expression of nitrogenase activity are inhibited by ammonium (6, 14, 18 ) with very few exceptions (3, 18) . As has been shown for the nitrogenase structural genes (nifIDK) and for some other genes related to dinitrogen fixation, repression by ammonium operates through regulation of the mRNA content (1, 2, 9, 15, 19) . Inhibition of heterocyst development and of nitrogenase synthesis by nitrate has also been described, but different degrees of inhibition have been reported for different strains (3, 9, 14, 16, 17) and some authors have suggested that nitrate does not significantly affect nitrogenase mRNA levels (9 atmosphere. After about 16 h of incubation under culture conditions, 10% (v/v) acetylene was injected and the amount of ethylene produced after 30 min of further incubation was measured by gas chromatography. Nitrate reductase activity was determined in the same cells once the nitrogenase assays were completed. Nitrate reductase was measured using the method previously described (10) except that 100 mM KNO3 was used in the assay and the inclusion of 50 gg of mixed alkyltrimethylammonium bromide (MTA-5 from Sigma Chemical Co.) per mL of reaction mixture substituted for toluene treatment. Cell protein was determined by a modified Lowry procedure (13) . Total RNA was isolated as described (7) (12) , isolated from plasmid pRL393 (11) '""i labeled with [a-32P]dCTP using a nick translation kit from Boehringer Mannheim.
RESULTS AND DISCUSSION
The effect of nitrate on anaerobic derepression of nitrogenase activity was studied in the nitrate reductase-deficient mutant strain CS401 in comparison with its parental strain EFl 16. In addition, the effect of nitrate on nitrogenase development under aerobic conditions was studied in the Het+ revertant of mutant CS40 1, strain CS40 1 -N3, in comparison with wild-type strain PCC 7120. Representative results are presented in Table I . Under both anaerobic and aerobic conditions, nitrogenase synthesis was effectively repressed in the presence of nitrate in the Nar+ strains but not in their Nar-counterparts. In the Nar-strains, nitrogenase levels reached in the presence of nitrate were high and similar to those found in cultures lacking any source of fixed nitrogen. As expected (10) , high levels of nitrate reductase activity were observed only in the nitrate-containing cultures of the Nar+ strains. In addition, in every case in which high activity levels of nitrogenase were achieved, the development of heterocysts, either aberrant (strains EF1 16 and CS40 1) or of normal morphology (strains PCC 7120 and CS401-N3), was evident. As an example, filaments of strains CS40 I-N3 (phenotype: Het+ Nar-) and PCC 7120 (phenotype: Het+ Nar+) grown in the presence of nitrate are shown in Figure 1 . Mature heterocysts were evident in the Het+ NarF strain, but not in the wild-type strain.
Results similar to those obtained with regard to nitrogenase development and heterocyst formation in strains CS401-N3 and PCC 7120 were also obtained in aerobic-derepression experiments carried out, respectively, with strains CS401 [pRL52] (phenotype: Het+ Nar-) and EFl 16 [PRL52] (phenotype: Het+ Nar+) (results not shown).
To test whether the nitrate reductase-dependent inhibition by nitrate of nitrogenase derepression operated through regulation of the nitrogenase mRNA levels, the presence or absence of the niYIDK mRNA was tested in total RNA preparations from strains PCC 7120 and CS401-N3 grown on dinitrogen, nitrate, or ammonium (Fig. 2) . For the two strains, 17). The nitrate reduction products active in repression are probably generated after the assimilation of ammonium into organic compounds, because inactivation of glutamine synthetase has been shown to release nitrogenase synthesis and heterocyst development from nitrogen control in a number of cyanobacterial strains (9, 17, 18, 22 
